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METHOD AND SYSTEM TOR T RANSMI TTING AN 
INFORMATION SIGKM, OVER A POWER CABLE 



The present invention relates to a method and 
system for inputting and transmitting an electrical 
infoacmation signal into and over a voltage- car acying 
power cable which comprises at least one or more ^ 
5 conductors, a dielectric provided arotind the conductors 
and a conductive earth sheath arranged around the 
dielectric • 

Undergzround power cables or power lines are used , to 
transport electrical energy from a power station to a 

10 point of xise. This takes place at diverse voltages,., for 
instance at about 400 kilovolt for high-voltage cables 
to about 200. Volts for low-voltage cables. Owing to the 
high voltages occurring on the conductor or the 
conductors in the power cables the conductors are 

15 enclosed by an electrically insulating material, also 
referred to as dielectric . The insulating casing of the 
conductors is also wholly or partly enclosed by a metal 
earth sheath or earth shield. Additional protective 
casings, such as for watertightness, mechanical 

20 protection and so on, can be arranged in and around the 
cable. 

Not only when a power cable is non- operational but 
also when the power cable is operational, i.e. when one 
or more of the conductors are in a voltage-carrying 

25 mode, it can be useful to send information- carrying 

signals from the one end of the power cable to the other 
end of the cable. The information signals can be applied 
for diagnostic piirposes of the power ceJble itself, for 
instance for determining the quality of the dielectric 

30 around the voltage -carrying conductors or for sending 
other data back and forth. 
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The drawback of known systems is that: the 
infontiation signals are inputted by equipment which :-is 
directly coupled to the voltage-carrying conductor (s) of 
the power cable. In view of the relatively high voltages 
5 which occur, this makes heavy demands of the equipment 
used for transmission. 

The drawback of other known systextis is that the 
information signals are inputted via the earth shield or 
the earth sheath^ with the earth (the groiand) between 
10 the end points of the cable as return conductor. In this 
case these information signals are not shielded from the 
environment and can thereby disturb the environment (EMC 
management). In some power cables the earth shield or . 
the earth sheath is further earthed over the greater if 
15 not the whole length of the cable, whereby the signal 
transfer is not possible in these known systems, or 
hardly, ^o . 

It is an object of the present invention to provide- 
a method and system in which the above stated drawbacks . 
and other, as yet unstated drawbacks of the prior art 
are obviated and in which signals are transmitted over 
the power cable without direct contact being made, with 
the voltage -carrying conductors and without the signals 
disturbing the environment, and without the signals - 
being attenuated in the case of a (practically) . 
permanent earthing of the earth sheath or the earth . 
shield of the power cable. 

According to a first aspect of the present 
invention there is provided for this purpose a method 
for inputting an info3rmation signal into a power cable 
which can be connected to a voltage source axid which 
con^rises at least one or more conductors, a dielectric 
provided around the conductors and a canductxve earth • 
sheath arranged wholly or partially around the 
dielectric, the method comprising of inputting a pulse- . 
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like infoirmation signal at a first position in the earth 
sheath in order to produce a corresponding pulse- like 
. information signal over ttie dielectric between the 
conductors and the earth 3lxeath. By injecting a current 
S pulse into the earth sheatli at a first position, for . 
instance a first cable end, a voltage pulse is produced 
at that position over the insulation (the dielectric) of 
the power cable • The current path is herein closed, via 
other components in the . h±gh-voltage connection Xto the 

10 eictent they eure present) • . The thus . produce^d voltage 

pulse in the power cable displaces to a second position, 
for Instance at another catble end, where the voltage 
pulse can. be detected in per se known manner*. 

The information signal is inputted using one or 

15. more, coils, and inputted directly into the earth sheath 
aiid/or into ^an earth wir^ between the earth sheath and 
the earth and/or into am. ^arth wire between the voltage 
source and the earth, preferably by making use of one or 
more coils provided at a position between the voltage. 

20 source and the earth. 

In the above stated manner data can be transmitted 
between said positions in. simple manner via the earth 
sheath, without the equipment recfuired for this purpose 
being exposed to the higb electrical voltq,ges of the 

25 power supply, without tho transmitted signals distxirbing 
the environment and without the transmitted signals 
being attenuated in the oase of a (practically) 
permanent earthing of the earth sheath or the earth 
shield of the power cable . 

30 In a particular preferred embodiment the data 

comprise information which is used for general data 
communication between the cable ends. 

In another preferred embodiment the data comprise . 
infoirrnation which is used to synchronize the time 

35 between the first position and the location where the = 
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data eire received, being the second position. A step- • 
like pulse (with a. mctKimum feasible rise time, the 
feasibility thereof depending on the system variables) 
is herein inputted at the first position, whereafter = 
5 this voltage step translates into a step-like pxilse 
which arrives at the second position some time later.: 
The difference in time between the pulse injection at 
the first position and receiving of the pulse at the 
second position [Corresponds with the travel time of the 

lO pulse through the power cable (plus the time required- 
for pulse Injection at the first position axidi pulse i 
detection at the second position) . Zt is hereby possible 
to synchronize cloclcs with each other at the first and 
second position, tsdclng into account this difference in 

15 travel time. 

The required accuracy of the time synchronization 
determines how often the time synchronization pulses 
must be repeated. With the present crystal oscillators a 
time synchronization of several tens of nanoseconds is • 

20 possible at a repetition frequency of about one' time 
synchronization pulse per second. This provides the 
option of localizing, defects occurring in the cable with 
an accuracy of about 1% of the caddie length. This is--, 
because these defects themselves generate voltage 

25 pulses, the difference in the arrival time of which at: 
the first and second position, together with the clock 
times which are known up to a determined accuracy 
through time synchronization, are characteristic for the 
location of the defect . 

30 In a further preferred embodiment the data comprise 

information which is sent at the first position after a 
fixed time has elapsed after the arrival of a voltage 
pulse at this first position, this pulse coming from a 
fault in the power cable itself. This fault has also 

35 given a voltage pulse at the second position. The 
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arrival time of this voltage pulse at the second 
position, together with the arrival time of this 
transmitted information from the first position, 
provides the possibility of calculating the location pf 
S the fault. 

According to another aspect of the present 
invention, there is provided a system for inputting an 
electrical information signal into a power cable which 
can be connected to a voltage source and which . comprises 

10 at .least one. or more conductors, a dielectric provided 
arotind the conductors and a conductive earth sheath 
arranged wholly or partially around the dielectric, 
comprising: . 

- inputting means for inputting a pulse-like 

15 information signal into the earth sheath at a first 
position, herein producing a corresponding pulse- like 
information signal, over the dielectric between the 
conductors and the earth sheath/ which signal is 
propagated to a second position. 

20 The inputting means preferably comprise one or more 

coils which are positioned close to the earth sheath, 
earth wire and/or the line between the voltage source 
cuid the earth and with which , a current pulse can be 
inputted. This ctirrent pulse causes a corresponding: 

25 voltage pulse over the dielectric of the power cable - 
without herein making contact with voltage -carrying 
parts of the power cable. 

In particular eThbodiments impedcuice- increasing 
means, preferably one or more f err ite- containing 

30 elements, are provided whereby the impedance in one or 
more earth wires can be increased locally such that the 
current pulse in the earth sheath results in a 
corresponding and measurable voltage pulse over the 
dielectric of .the power cable. Without these impedance- 

35 increasing means the current pulse could be generated in 
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the wrong circuit: without a corresponding voltage pulse 
herein being generated in the dielectric. 

For the above stated determining of for instance. . 
the position of irregularities in a conductor, which 
5 irregularities result in a partial discharge^ in the 
power cable/ in a further embodiment the system also 
coinprises detecting meeuxs for detecting the voltage, 
pulses propagated along the power cable. ThesQ voltage 
pulses can be the result of current pulses inputted by 

10 the inputting meeois,. but .may also be the result of the 
above mentioned partial discharges. 

For an accurate deterroinatlon of the position of an 
irregularity, the system con^rises in a further 
preferred embodiment first respectively second time 

15 registering means and time synchronizing means 

positioned at the. first and second position in order to 
synchronize the time* registering means relative to each 
other Using an information signal inputted into the . 
earth sheath. 

20 Further advantages, features and. details of the . 

present invention will become apparent from the 
following description of a number of preferred 
embodiments thereof. Reference is made in the. 
description to the figures, in which: 

25 Figure 1 shows a partly cut-away view of a power 

cable; 

Figure 2 shows a schematic view of a first 
preferred embodiment of a system according to the . 
invention; 

30 Figure 3 shows a schematic view of a second . 

preferred embodiment of a system according to the 
invention; 

Figure 4 shows a schematic view of a third 
preferred embodiment of a system according to the 
35 invention; 
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Figure 5 shows a schematic view of ai fourtli 
prefeirred embodiment of a system according to the 
invention; 

Figure 6 shows a schematic view of a furtheur 

. 5 prefeirred embodiment of a multilateral measuring system • 
according to the invention in a branched cable; . and 

Figure 7 shows a schematic view of another further 
preferred embodiment of a multilateral measuring system: 
according to the invention in a branched cable. • , 

10 Figure 1 shows by way of exatnple a high- voltage . 

cable 1- In the 3hown embodiment three conductozrs 2 are 
provided in the centre of high-voltage cable. 1 • . A . 
frequently occurring alternative (not shown) is cable . 
with one conductor. The cable can generally contain ozxe;. 

15 or more conductors . The conductors are connected to a . r 
high- voltage or lowrvoltage grid. Around the conductors 
are provided one or two centred^ insulating material > 
layers '3 and/or 4. The insulating material layers 3 and 
4 form "the dielectric of the cable* Provided around the 

20 outer insulating layer is an earth sheath or earth 
shield 5 which is connected to earth -wire 7 of the 
electricity grid. The earth -shield can be arranged all 
the way around the Insulation. Partial enclosing of the. 
insulation by. earth shield 5 also occurs. It is noted. 

25 that the term **earth shield" is understood to mean all 
possible embodiments of a cable earth, such as an earth 
wire, an earth sheath which encloses the insula.tion . ^ 
wholly or only partially and which consists of , 
interwoven wires (for instance copper wires) or a solid, 

30 metal layer, and so on. 

Additional protective layers 6 are arranged around 
earth shield 5 to protect the cable against adverse 
chemical and mechanical effects from outside. These 
additional layers are conceivable but are not all 
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applied in all cases. Power cable 1 has a length of 
several t:ens of metres to tens of kilometres. 

Figure 2 shows a first preferred embodiment of the 
system. On the conductor (s) of power cable 1 there is axi 
5 alternating voltage between 200 V suid 400 kV. The 
frequency of this alternating voltage is either the 
mains frequency (exian^les: 50 Hz in Burope, 60 Hz in the 
USA) or the typical frequency associated with a voltage , 
source which is arranged in order to test the ccJ;>le (for 
10 instance 0.1 Hz or an oscillating voltage) • As can be 
seen in figure 2, the cable is connected to a mains 
con^onent 10. Mains component 10 can be a transformer 
and/or another power cable or any other volt age -carrying 
. mains con^onent. 
15 The earth sheaths of the power cables are usually, 

earthed at their ends, with an earth wire. In the case . 
that a cable is not disconnected from the electricity 
grid and there is therefore an on-line situation, it is 
possible to use this earth wire and the earth sheath of . 
20 the cable connected thereto for diverse purposes , 

including data comsmmication and time synchronization, 
as will be described hereinbelow. 

Figure 2 shows that a coil SP is positioned around 
earth wire 7, wherein the earth wire is electrically 
25 connected to earth sheath 5. Coil SP injects a short 
ciarrent pulse into earth wire 7, which brings about a 
voltage pulse corresponding therewith (arrow V) over the 
dielectric of power cable 1, since the current path via 
other components (mains component 10 and the like) in 
30 the high- voltage connection (to the extent they are 

present) is closed. The thus produced voltage pulse is > 
displaced to a second position, for instance on another 
cable end, where the voltage pulse can be detected in a 
per se known manner. 
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This means t:hat a pulse can be t:ir8mL8talt:t:ed. t:lirough 
the power cable, wherein the power cable is optionally 
under high voltage, without there being direct contact 
herein between the high voltage -carrying parts , and the 
5 parts inputting the pulse into the power cable • For 
inputting of the piilse it is therefore not per se 
required (depending on the local conditions in ^respect, 
of the embodiment of the CcJ3le end axxdL the other* high- 
voltage components and depending on the local safety . 

10 guidelines it is conceivcible that, during arranging and, 
after^ use, during removal of the coil the supply voltage 
must be switched off) that the conductors of the power 
cable have to be disconnected from the voltage. 

Figure 3 shows ainother embodiment in which coil SP ; 

15 is positioned around the line 12 between voltage source * 
10 and the earth • In accordance with that described 
above, a cuirrent pulse can be inputted, using coil SP, 
which pulse produces a voltage pulse (V) over the* 
dielectric of the power cable. 

20 Figure 4 shows a further embodiment. In addition <to* 

earth wire 7 an additional (second, third, and so on), 
earth wire 9 is applied. When coil SP is now positioned 
around earth wire 7 a circuit is created via .earth wire 
9 (dashed line) since the impedance of the components . 

25 such as mains component 10 is usually greater than the 
impedance of the current path via earth wire 9. In order 
to still produce a sufficiently large voltage pulse over- 
the dielectric, the right-hand circuit can be 
interrupted by opening it. It is also possible to 

30 arrange impedance -increasing elements 11, preferably, in 
the form of one or more ferrite cores. These have the ' 
result that the current pulse injected into earth wire 7 
produces a high voltage pulse in power cable 1 via line 
12 such that, it can be measured at the other end. 
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Pigux-e 5 shows a further embodiment in which coil 
SP is arranged aoroxind earth sheath 5 while earth shea.t:li 
5 is earthed on the non -mains component (10) side of 
this coil SP- 

"5 Another preferred embodiment relates to diagnosis 

of the dielectric wherein- use is made of transmission pf 
the information signal between said positions. As a 
consequence of possible irregularities in the dielect^sric 
of the power cable, for instance at the position of a. 

10 defect in the dielectric of the power cable, a defect in 
the dielectric of cable joints or a defect in the 
dielectric of cable ends, and the relatively high 
voltages occurring on the conductor, so-called partia.i, 
discharges can in amy case result. Partial discharges 

15 can eventually result in loss of quality of the cable * 
Partial discharges, are often the precursor of complete, 
discharges, or breakdown, whereby the cable^ malfunctxons 
and must b^ taken out .of operation xintil after repair • 
Each partial discharge produces a small voltage 

20 pulse (or current pulse) in the rsunge of several milXdL- 
Volts to several Volts, characteristically between lO itiST 
and 10000 mV. The duration of the voltage pulse is very 
short, less than 1 microsecond, characteristically 
between 10 and 1000 ns. . 

25 The voltage pulses or voltage changes generated toy . 

the partial discharges are usually propagated in botii 
directions of the conductor from the position of the 
partial discharge* Half of the voltage pulse is . . 
propagated to a first cable end and the other half is 

30 propfagated to the other cable end. Both voltage pulses 
displace through the conductor at a speed which is 
practically equal to the speed of light (about 50% to 
80% of 300,000 km/sec) . The difference in arrival time 
of the two. pulse signals at a first and a second 

35 position, for instance at both cable ends, can be used 
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to determine the p)osition of the irregularity causing 
this partial discliarge. In the case o£ a double-sided 
measurement, two pulse signals which are caused by the 
same irregularity^ are measured, a first pulse signal is 
S measured at a f iirst position using a sensor and the 

second pulse is measured at the second positions using a 
sensor. Based on t:he difference in arrival time of the 
two pulse signals , the already known prx^pagation . 
characteristics of the cable (such as the propagation 

10 speed of the pulse signals) cuid the already known or 
unknown length of the cable, the position of the 
irregularity can toe determined respectively in absolute, 
or relative sense • 

Crucial for a precise determination of the 

15 positions of irregularities in the dielectric or 

insulation material of power cables, cable joints oind 
cable ends is the accuracy of the* time registration with 
which the arrivaX times of the pulse signals caused by a 
partial discharge are registered. Known is the use of 

20 time data (Universal Time Coordinates) made available by 
the Global Positioning System (GPS) or of very accurate 
atomic clocks to enable a time registration with an 
accuracy in the order of magnitude of several (tens of) 
nanoseconds. Application of GPS time synchronization is 

25 expensive however, and an outdoor antenna, is necessary- 
at each ca±>le end to enable the required GPS clock 
signals to be received. The use of atomic clocks has 
also been foxind to be expensive, and this has prevented 
use on a large soale. 

30 Figure 6 shows that a detector 8 (consisting for 

instance of a pulse receiving coil SP-O, which can be . 
placed as shown ±n front of coil SP in figures 2, 3, 4 
or 5, and a registering apparatus such as a digitizer 
connected thereto) is connected close to the first 

35 position A to a time registering unit 11, and that a 



wo 2004/013642 



PCT/NI.2003/000464 



12 

detector 13 is connected close to the second position B 
to a time registering unit 14. These uixits register the 
arrival times of the pulse signals arriving respectively 
at positions A etnd B» 
5 Determining the position of an irregularity tedces 

place as follows. As a result of a partial discharge P 
in cable 1, a first pulse signal displaces to the left 
in the direction of the. first position A and a second 
pulse signal displaces to the right in the direction 

10 of the second position B. Both pulse signals displace at 
a known speed. Once they have arrived at positions A and 
Bf pulse signals and Sq are detected by respective 
detectors 8 and 13. The times at which pulse signals 
and Sb are detected are then registered by respective 

15 time registering units 11 and 14. For this purpose the 
time registering units provide the detected pulse 
signals with a time label or time stamp with which the - 
arrival time and the. progression of the signals in time 
can be dete3CTOined* The signal provided with a time leU[>el 

20 can then be stored on a random medium or, using the. 
communication method to be discussed below, can be 
inputted as information pulse into the dielectric of the 
power cable and transmitted via the earth sheath of . the 
cable to a central storage unit. The time difference DT • 

25 can be determined from the differences in the thus 

registered arrival times of the two pulse signals. Prom 
the time difference DT, the known propagation speed of 
the pulse signals in the conductor and the already known 
length 1 of the cable, the position of the irregularity 

30 P Ccin be determined to an accuracy of 1-100 m (depending 
on the total length 1 of cable 1) . If the cable length 
is not known, the position of the irregularity can then = 
be determined in a relative sense. 

The above shows tliat the detection and time 
35 registration of the pulse signals are performed by 
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independently operating detection and registering 
systems* For accurate determining of the times at which 
the pulse signals arrive at the different positions, the 
time registering units must be synchronized relative to 
5 each other. This synchronization can be carried out 

wholly independently of the position determination, for 
instance by performing the time registration before or 
after the position determination. Synchronization can 
however also be carried out during the position 

10 detexnntiination. 

Synchronization takes place by injecting a time • 
synchronization voltage pulse at cable end A by meems of 
a coil SP, as described above. This time synchronization 
voltage pulse TP moves to the opposite cable end B, j..ust 
15 as the abovet stated voltage pulse which resulted from 
the partial discharge. The time synchronization voltage 
. pulse .TP can be. measured at cable end B with the same 
' detector 13 with which pulse signal S|, is measured. When 
the pulse injection at position A is repeated at a 
• 20 specific predetermined interval, the synchronization 
pulse will be detected at position B at the same 
interval. This makes it possible to synchronize the time 
registering unit 14 at position B with time registering . 
unit 11 at position A. It is assumed here that the time 

25 registering units are steQ^le during the interval of time . 
between two synchronization pulses such that the time 
registration can be carried out with sufficient 
precision. After the time registering \mits have thus 
been synchronized relative to each other and the time 

30 labels of the received or still to be received pulse 
signals S^; and can therefore be compared to each 
other, the differences in arrival time of the pulse 
signals can be precisely determined. By synchronizing 
the time registering units and thus enabling a 

35 sufficiently accurate determination of the differences 



wo 2004/013642 



PCT/NL2003/000464 



14 

in arrival time^ special very accuretfce clocks, such as 
those of the above mentioned GPS system, can be 
dispensed with*. It is possible to suffice with 
relatively simple clocks known in the field, or even 
5 coimters known in the field, since ±tz is not the 

absolute time but only the relative t:ime in relation to 
the synchronization times which is xmportant .: ; 

Figure 7 shows another preferred ' embodiment of the 
invent ion « In this embodiment a deteotor 13 and a time 
10 registering unit 14 are provided at the right-hand end: B . 
of cable 1. Detector 13 detects the ig>ulse signal S^, 
which has displaced to the right/ at point in: time Tc . 
and time registering imit 14 provides this pulse signal 
Sb with a time label with which the arrival time Tc of - 
15 pulse signal can be inferred. The pulse signal 

displacing to the left is received by a detector 8. The 
detector then operates a. resppnder- 15 which sends back , a 
synchronization pulse 1*P to position.- B via coil SP at ' 
point in time Tb. Detector 13 then d.etects the arrival^ 

20 of synchronization pulse IfP, whereupon time registering - 
member 14 provides the received synclxronlzation pulse TP 
with a time label. Time registering -unit 14 is connected 
to a computer (not shown) (wherein a. computer is 
understood to mean any electronic processing device) . 

25 The computer determines the arrival time Ta of^ the first 
voltage pulse signal on the basis of the travel time 
of syhclironization pulse TP, whereirr the arrival time of 
the first pulse signal at position A is the same as 
the arrival time of synchronization pulse TP at position 

30 B minus the travel time of the synchronization pulse 
(equal to the predetermined cable length 1 divided by 
the propagation speed of the pulee through the cable) 
and minus a preset time delay (Dt) which is equal to the 
time which elapses between receiving of the first 

35 vpltage signal at position A and sending of the 
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syncti-xronization pulse with transponder 15 • Once the . 
arrival times o£ the first and second pulse signals are 
knowr:!, the position of the irregularity causing the 
partidLal discharge can be determined in the above 
S descxribed manner. 

The time synchronizat^ion pulses can also be used 
for c3at:a comwiunication between the two cable ends, for 
Instiance by sending and receiving further pulses in a 
specdLfic rhythm after the. synchronization pulse* These 

10 datei can for instance be used for fvurther adjustment of 
the imeasuring equipment: oh both ends of t:he power cable 
or to send the outcomes of the time leJ^elling process to 
a pstarticular csdDle end, where the outcomes can be 
furtlier processed. 

15 It is also possible to include control data in the 

infoarmation signals for controlling the siobstations to 
whioli the power . cable ±s connected, or data about the 
powo^r cable itself • When for instance -a disturbance 
occcLM in a substation of the. external electricity grid, 

20 data concerning the nature^ size and the like of this 
disturbance can be sent via the earth aheath of the 
pow&r^ cable without the voltage herein having to be 
removed from the power cable. These data can then cause 
an operator to have the substation in question repaired. 

25 It is also possible to send data back to the sxibstation . 
with the purpose of controlling the substation such that 
the disturbcince is remedied. The fixed telephone 
conrxections to the substations often used in practice 
for: this purpose can hereby be omitted . 

30 The present invention is not limited to the above 

described preferred embodiments thereof. The rights 
sought are defined by the following claims, within the 
scoE>e of which many modifications can be envisaged. • 



